Anovulation in women with polycystic ovary syndrome (PCOS) is the direct effect of high local androgen concentrations on the ovary. Antiandrogens are substances that prevent androgens from expressing their activity on target tissues. Flutamide is a nonsteroid antiandrogen that has been found effective in hirsute patients, although its mechanism of action is unclear.
for 6 months. LH, FSH, androstenedione, testosterone, estradiol, and progesterone were evaluated before treatment, every 4 days during the third month of treatment, and on day 24 of the sixth month of treatment. Hirsutism improved, androgen levels dropped, and ovulatory cycles were restored in all subjects. Ultrasonographic examination in follicular phase showed a significant reduction in ovarian volume and ovaries of normal appearance with one dominant follicle. The most important result of the present study was that flutamide restored ovulation in anovulatory PCOS patients. This finding supports the hypothesis that flutamide reduces androgen synthesis through restoration of ovulation, although a direct block of the steroidogenic enzymes of androgen biosynthesis in ovarian thecal cells cannot be excluded. (J Clin Endocrinol Metab 83: 99 -102, 1998) P OLYCYSTIC ovary syndrome (PCOS) is the commonest cause of menstrual disorders. It is characterized by infertility, oligomenorrhea or amenorrhea, hirsutism, and acne or seborrhea. About half the women with this syndrome are obese, and some have diabetes mellitus (1, 2) . Insulin resistance is a common disorder in PCOS patients (3, 4) . Both infertility and the clinical disorders have been ascribed to high levels of LH or a high LH/FSH ratio and increased ovarian androgen production (5, 6) . The polycystic ovary is enlarged and pearly white, with a thick capsule and many subcapsular follicles (7, 8) . Hyperandrogenism associated with increased serum LH concentrations and ultrasonographic evidence of polycystic ovaries are the usual diagnostic criteria for PCOS (9) , although some researchers also include oligomenorrhea and hirsutism (10, 11) .
The most widely accepted theory of the pathogenesis of the PCOS is that it results from a complex cycle of events centering on overproduction of androstenedione (A) and its peripheral conversion to estrone (9) . According to a recent theory, the pathogenesis of PCOS involves heterogeneous disorders that directly increase one of the three variables: the LH/FSH ratio in plasma, the plasma androgen/estrogen ratio, or the process of follicular atresia. Several findings have suggested that the common denominator in women with hyperandrogenic anovulation, regardless of whether they have typical PCOS, is functional ovarian hyperandrogenism (12) .
In PCOS patients, high local androgen concentrations are responsible for anovulation by a direct effect on the ovary (13) . Androgen-induced follicular atresia is thought to occur by entry of androgens into the granulosa cells of preantral follicles, where they bind to receptors and cause cell death (14) . Androgens cause deterioration of follicles by increasing the number of pycnotic granulosa cells and degenerating oocytes. In rat follicles, 5␣-dihydrotestosterone not only inhibits aromatase activity and stimulates progesterone (P) production in granulosa cells, but also induces atresia in preantral and antral follicles (15, 16) . Antiandrogens are substances that prevent androgens from expressing their activity on target tissues. Flutamide is a nonsteroid antiandrogen of known efficacy in hirsute patients, but it is not clear whether it acts only by blocking androgen receptors or also by inhibiting the biosynthesis of androgens. Some studies have suggested that flutamide reduces androgen synthesis and/or increases its metabolism to inactive androgens (17, 18) . Assessment of endocrine data in women during flutamide therapy has been controversial because the study populations have consisted of women with different menstrual cycle characteristics and clinical symptoms.
The hypothesis of this study was that flutamide could antagonize the high intraovarian levels of androgens in PCOS. Accordingly, we evaluated the effect of flutamide treatment on ovulatory function, hirsutism, and hormonal patterns in eight young hirsute women with irregular cycles.
Subjects and Methods

Patients and methods
Eight girls, ranging in age from 16 -19 yr, with moderate to severe clinical signs of hyperandrogenism were enrolled in the study. The study was approved by the ethical committee of the University Medical School, and informed consent was obtained from each patient. None of the girls required contraception or was receiving hormone therapy during the study period or in the previous 6 months. The clinical diagnosis of PCOS was based on hyperandrogenism and chronic anovulation. Menstrual bleeding occurred every 45-60 days. No patient had virilization or congenital adrenal hyperplasia (on the basis of normal levels of 17-hydroxyprogesterone). Five patients were obese, with a body mass index of 25 or more. The degree of hirsutism was evaluated according to the criteria of the modified Ferriman and Gallwey method (19) , and the mean score was 16.4 Ϯ 3.2 (mean Ϯ sd). The basal hormonal pattern [LH, FSH, A, T, estradiol (E 2 ), P, free T (fT)] was evaluated every 4 days from days 8 -40 of the cycle in the month before flutamide therapy was started and in the third month of therapy. Before treatment, basal hormone values revealed anovulatory cycles, increased serum concentrations of LH, an increased LH/FSH ratio, and A and testosterone (T) levels at the upper limits of the normal range. Serum P levels were also determined in luteal phase (day 24 of menstrual cycle) during the sixth month of therapy.
A baseline ultrasound scan with a 5-MHz abdominal probe (Sonoline SL-2, Siemens, Milan, Italy) when the patient had a full bladder was performed to evaluate the uterus and ovaries. Ovarian volumes were calculated from the maximum longitudinal, antero-posterior, and transverse diameters. Ultrasonographic diagnosis of polycystic ovaries was based on the presence of 10 or more follicles (2-10 mm in diameter) in 1 or both ovaries.
All patients were given 250 mg flutamide (Eulexin, Schering Plough, Milan, Italy) as tablets twice a day uninterruptedly for 6 months. Hirsutism was evaluated by a modified form of the Ferriman and Gallwey method that has been used in our clinic for many years. A score was assigned to patients before and after 6 months of flutamide treatment. A score greater than 8 is indicative of hirsutism. Before starting the study, multiscreen blood chemistry was performed with liver function tests, lipid profiles, renal parameters, and blood counts. 
Hormone assays
Plasma FSH, LH, E 2 , P, A, T, fT, and sex hormone-binding globulin (SHBG) levels were assayed by double antibody RIA using commercial kits from Radim (Rome, Italy) for FSH, LH, and T; from Sorin (Saluggia-VC, Italy) for E 2 , P, A, and SHBG; and from DSL Wherter (TX) for fT. Samples were assayed in duplicate at two dilutions. Samples from a given subject were analyzed in the same assay for each hormone to avoid interassay variations. Quality control pools at low, normal, and high LH, FSH, E 2 , P, A, T, fT, and SHBG levels were present in each assay. The detection limit of the assay was 0.20 mIU/mL for LH, 0.18 mIU/mL for FSH, 5 pg/mL (18 pmol/L) for E 2 , 50 pg/mL (0.16 nmol/L) for P, 30 pg/mL for A, 80 pg/mL for T, 0.15 pg/mL for fT, and 2.5 nmol/L for SHBG. Intra-and interassay variations were 7.8% and 8.2% for LH, 6.2% and 6.5% for FSH, 4.2% and 4.9% for E 2 , 8.5% and 10.8% for P, 5.6% and 6.4% for A, 3.4% and 4.6% for T, 3.2% and 3.4% for fT, 5.6% and 4.6% for SHBG.
Statistical analysis
Plasma hormone levels (as absolute values, mean Ϯ sd) were expressed as milliinternational units per mL (FSH and LH), picograms per mL (P, E 2 , A, T, and fT), and nanomoles per L (SHBG). Student's t test for paired and unpaired data was used, as appropriate, to analyze hormonal changes. P Ͻ 0.01 was considered significant.
Results
Clinical effects
All women showed an improvement in menstrual cyclicity. Menstrual bleeding returned to once per month within 30 -34 days. Cycles were ovulatory, with typical P levels and a reduction in pretreatment levels of T and A. Routine blood chemistry did not reveal any significant changes. A slight, not clinically significant increase in serum transaminases and lipid profile was evident after 6 months of therapy. The Ferriman and Gallwey score for hirsutism decreased significantly from 16.4 Ϯ 3.2 to 6 Ϯ 1.5 after 6 months of flutamide treatment. Table 1 shows hormone levels in blood samples obtained during the follicular phase before and during the third month of flutamide treatment. Significant reductions (P Ͻ 0.01) were observed in levels of LH, A, T, and fT and in the LH/FSH ratio. In the same samples, SHBG showed a significant increase. Figure 1 shows the patterns of LH and FSH over a period of days of the menstrual cycle before and during the third month of treatment. Before flutamide administration, basal LH levels were high and without a peak, with a mean value of 14.2 Ϯ 2.3 mIU/mL for all cycles. The LH/FSH ratio was 2.8 Ϯ 0.3. During therapy, LH showed a reduction in basal levels, and the LH/ FSH ratio decreased. An ovulatory peak around day 16 was evident in all patients. Before flutamide therapy, E 2 was practically constant, with a slight increase in basal levels after day 20 and a mean value of 108 Ϯ 12 pg/mL. P did not show any variations; its mean value was 900 Ϯ 200 pg/mL or less, which was typical of anovulatory cycles in all periods of observation. During flutamide treatment, E 2 and P patterns changed to those of ovulatory cycles, with mean luteal phase P levels in ranging from 4500 -5800 pg/mL (Fig. 2) . Plasma androgen levels were high before therapy. During flutamide treatment, T, fT (Fig. 3) , and A (Fig. 4 ) plasma levels showed a significant reduction (P Ͻ 0.01). Plasma levels of P evaluated on day 24 of the menstrual cycle of the sixth month of flutamide treatment (range, 5200 -6300 pg/mL) confirmed the occurrence of a luteal phase.
Endocrine effects
Discussion
The present study demonstrates the efficacy of flutamide in the treatment of hirsutism and confirms the results of other studies in which flutamide was given alone or in combination with an oral contraceptive (20 -23) . The important result of the present study was that flutamide restored ovulation in anovulatory PCOS patients and reduced plasma levels of androgens. Flutamide treatment has been reported not to affect gonadotropin, E 2 , and P levels and, therefore, does not alter the mechanism of ovulation (24) . This is why it is usually administered together with an oral contraceptive. However, some researchers (25) have found that flutamide produced amenorrhea in women with regular cycles and in women with PCO. Reductions in T and, to a lesser extent, A have been reported after flutamide therapy (20, 21) .
In our study we observed a significant reduction in plasma androgen levels and restoration of ovulatory cycles. These findings support the hypothesis that flutamide reduces androgen synthesis through restoration of ovulation (26) , although a direct block of the steroidogenic enzymes of androgen biosynthesis in ovarian thecal cells cannot be excluded. In rat testicular cells in vitro, flutamide has been reported to inhibit 17-20-lyase activity of cytochrome P450 (17) . This enzyme activity has been detected in human thecal cells stimulated with LH and is high in polycystic ovaries (26) . Flutamide may reduce plasma androgen levels by inhibiting this enzyme activity.
These results support the hypothesis that PCOS is a form of functional ovarian hyperandrogenism in which the central abnormality is elevated intraovarian androgen concentrations (27) . Hypersecretion of androgens into the circulation stimulates the pilosebaceous unit and produces clinical manifestations, such as acne and hirsutism. The local androgen excess is responsible for anovulation by a direct effect on the ovary (28) . An increased androgen to estrogen ratio is found in the follicular fluid of atretic follicles (29) . Decreased estrogen production causes accumulation of androgens in the follicular fluid and suggests that androgens play a role in the process of atresia. Changes in follicular steroid levels are involved in the initiation of atresia. Androgens induce follicular atresia by entering the granulosa cells of preantral follicles. Cell death is induced by the binding of androgens to their own receptors (30) . The mechanism of androgeninduced atresia is in antagonism to E 2 -induced granulosa cell proliferation and development (28) . When we administer a pure antiandrogen drug such as flutamide, the vicious circle is interrupted, and ovulation can be restored.
The present results show that besides blocking androgen receptors, flutamide also induces a significant reduction in plasma androgen levels by inhibiting the atretic effect of LH on thecal and granulosa cells. They imply that high intraovarian levels of androgens are a major pathogenetic factor in PCOS. The fact that flutamide does not alter the pituitaryovarian axis (22) means that the problem of PCOS is primarily in the ovary, with secondary effects in the pituitary. As ovulatory cycles and fertility may be restored during flutamide therapy, contraceptive measures may need to be taken. Further studies are needed for insights into the effects of flutamide on androgen biosynthesis in the ovary and the adrenal gland.
